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2 The Higgs bosons vacuum expectation values are time-independent at 
G
.


















































) = (41=10; 19=6; 7) are the coeÆcients of the renormalization group












) = (33=5; 1; 3) are the coeÆcients of the renor-






































We rst consider the SU(5) supersymmetric case. One may consider dierent scenarios. We rst keep

G























where  is the QCD scale. If we calculate
_
= using the relation above in the case of 6 quark avors,
neglecting the masses of the quarks, we nd R  46. There are large theoretical uncertainties in R.
Taking thresholds into account one gets R = 37:7 2:3 [11]. The uncertainty in R is given, according
to  = 213
+38
 35
MeV, by the uncertainty in the ratio =
s
, which is dominated by the uncertainty in 
s
.
We now consider the case where 
u



































It is interesting to notice that the eects of a time variation of the unied coupling constant or of a
time variation of the grand unied scale are going in opposite directions. Clearly those are two extreme
cases and a time variation of both parameters is conceivable. Another possibility is dynamics between
the grand unication scale and low energy physics [13]. In that case it is conceivable to have a time
variation of  but no time variation in the QCD sector. Such an eect could also be achieved in our





In a grand unied theory, the grand unied scale and the unied coupling constant may be related to






















is the Planck scale, 
Pl
the value of the grand unied coupling constant at the Planck scale
and b
G

































in which case a test of the nature of the grand unied group is in principle possible. It should be














































However without a specic model for supersymmetry breaking relating the supersymmetry breaking
scale to e.g. the grand unied scale, this expression is not very useful since it only introduces a new
unknown function in the discussion.
3The case in which the time variation of  is related to a time variation of the unication scale is of
particular interest. 
G
could be related in specic models to vacuum expectation values of scalar elds.
Since the universe expands, one might expect a decrease of the unication scale due to a dilution of the
scalar eld. A lowering of 
G




































is negative, _= increases in time. That is consistent with the experimental observation.
Taking = =  0:72  10
 5




= 5:1  10
 4
, i.e. the scale of grand
unication about 8 billion years ago was about 8:3 10
12
GeV higher than today.




could allow to see an eect. Measuring the vibrational lines of
H
2
, a small eect was seen recently: = = (5:7  3:8)  10
 5
[7]. Supersymmetric SU(5) predicts


= 22  10
 5
with a rather large theoretical uncertainty. It is interesting that the data suggests
that  is indeed decreasing, while  seems to increase. If conrmed, this would be a strong indication
that the time variation of  at low energies is caused by a time variation of the unication scale. We
would like to emphasize that our calculation is based on the assumption that the proton mass is mainly
determined by . In particular, we neglect the possible time changes of the electron mass or of the
quarks masses.
Under a further assumption, namely that _= is constant, tests could be performed in quantum optics.
We consider the case in which (t) is time dependent. If the rate of change is extrapolated linearly,

G






=  7  10
 14
=yr. The magnetic moments of the proton 
p
as well as










=yr. The wavelength of the light




















=yr taking _=  110
 15
=yr. The wavelength of the





































It should be clear that our results are strongly model dependent. For example in SO(10) without

























neglecting the threshold corrections. But, this model dependence is what makes a possible time variation
of the fundamental parameters so interesting. In principle, we could test grand unied theories without
seeing any particle from a grand unied model. A time variation of the gauge couplings could thus
provide a new condition for a grand unied theory besides reasonable proton decay and the unication
of the coupling constants. But, it would require a more careful approach: calculations should take
thresholds eects into account and would become quite complicated. Furthermore it would require
measuring dierent time dependent quantities.
Clearly there are many constraints coming from dierent sectors and dierent redshifts. See [14] for
a review. One important constraint is the Oklo phenomenon which allows to derive a severe constraint
for the time variation of  during the last two billion years ago [15]. But, this analysis is performed
under the assumption that only  is time dependent. As we have shown the eects could be much larger
in QCD but go in the opposite direction. Some partial cancellation could possibly take place. But, it
has been shown that extracting a limit for a time variation of the strong coupling constant is not an
easy task [16]. Clearly it would be diÆcult to rule out the results coming from astrophysics using data
coming from a later time. But, it would be very surprising if no eect was observed at a previous time.
Such eects could show up in the cosmic microwave background [17]. Nucleosynthesis also allows to
constrain severely time variations of fundamental parameters (see e.g. [18]).
4Another question is what is really measured in [3, 4, 5, 6]. The authors use a so-called many multiplet







taking C  0:6 calculated from QED
using a many-body method [4]. But, the question is at what level would QCD aect this measurement?
Most probably, the splitting of the observed spectral lines is only due to the QED atomic structure. Only
inner shells of heavy atoms are sensitivity to the nuclear size inuenced by the QCD parameter. But,
a change in nuclear size, and thus of the charge distribution would at some level impact the magnitude
of the parameter C. So it is a justied question to ask what is exactly measured if the eect is really
much stronger in QCD, as expected from grand unied models.
We shall nally discuss the possible implications for baryogenesis of a time dependence of fundamental
parameters. The aim of baryogenesis is to explain the matter/anti-matter asymmetry. Any model must
fulll the Sakharov's conditions:
a) The baryon number must be violated by some process (the net baryon number must change over
time).
b) C and CP must be violated (no perfect equality between rates of B 6= 0 processes otherwise no
asymmetry could evolve from initially symmetric state).
c) A departure from thermal equilibrium is required, otherwise CPT would assure compensation
between processes increasing or decreasing the baryon number.
The standard model has a problem with points b) and c). It has not enough CP violation and the
Higgs boson mass is too high to have a rst order phase transition. The Higgs boson mass m
H
should
be smaller than 40 GeV (see e.g. [19]). This is actually a constraint on 
H
, the Higgs self-coupling.









































































which is much smaller that the measured baryon number (4 10)10
 11
(see e.g. [20] for a discussion).
Thus the standard model is not able to provide the right baryon number and a phase transition. But,
things might slightly change if the fundamental parameters of the standard model are time dependent.
It seems impossible to explain the baryon number in that framework in view of the large discrepancy.
But, if the parameters of the Higgs potential were time dependent there could be a chance to get a phase







is the value of the parameter at the grand unied scale and p
loop
(t) is the time dependence induced
by loop corrections. In our case we assumed that the functions p
gut
for the Higgs and Yukawa sectors
are time independent. But, these parameters get a time dependence through the radiative corrections













= 20% in 10
10
years, doing a linear extrapolation of the results of [3]. The eect is stronger for the
top mass than for the SU (2) Higgs sector because the top mass has a wild running. Obviously the time
variation of the parameters of the Higgs potential obtained from that eect alone cannot explain the
phase transition. But, the time variation of the parameter 
H
is rather unconstrained by experiment.
We could relax the assumption that we made concerning the time invariance of 
H
at the grand unied
scale thereby having a phase transition of 1st order in the early universe. Keeping v roughly constant
(notice that a time variation of v is strongly constrained by nucleosynthesis which is very sensitive to
G
F





is strongly time dependent. Clearly the physics of the early universe could be aected by a
time variation of the fundamental parameters. It remains to see if any predictions can be made in that
framework. This will be diÆcult in view of the potentially large number of uncorrelated time dependent
functions.
5Acknowledgment: We shall like to thank J. Rafelski for enlightening discussions.
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